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Grade  12  Diploma  Examination 
Description 

Time:  2.5  h.  This  examination  was 
developed  to  be  completed  in  2.5  h; 
however,  you  may  take  an  additional 
0.5  h to  complete  the  examination. 

This  is  a closed-book  examination 
consisting  of 

• 37  multiple-choice  and  12  numerical- 
response  questions,  of  equal  value, 
worth  70%  of  the  examination 

• 2 written-response  questions,  of  equal 
value,  worth  a total  of  30%  of  the 
examination 

This  examination  contains  sets  of 
related  questions.  A set  of  questions 
may  contain  multiple-choice 
and/or  numerical-response  and/or 
written-response  questions. 

A tear-out  data  sheet  is  included  near  the 
back  of  this  booklet.  A Periodic  Table 
of  the  Elements  is  also  provided. 

Note:  The  perforated  pages  at  the  back 
of  this  booklet  may  be  torn  out  and 
used  for  your  rough  work.  No  marks 
will  be  given  for  work  done  on  the 
tearout  pages. 


Instructions 

•You  are  expected  to  provide  your 
own  scientific  calculator. 

• Use  only  an  HB  pencil  for  the 
machine-scored  answer  sheet. 

• Fill  in  the  information  required  on 
the  answer  sheet  and  the  examination 
booklet  as  directed  by  the  presiding 
examiner. 

• Read  each  question  carefully. 

• Consider  all  numbers  used  in  the 
examination  to  be  the  result  of  a 
measurement  or  observation. 

• When  performing  calculations, 
use  the  values  of  constants 
provided  on  the  tear-out  sheet.  Do 
not  use  the  values  programmed  in 
your  calculator. 

• If  you  wish  to  change  an  answer, 
erase  all  traces  of  your  first  answer. 

• Do  not  fold  the  answer  sheet. 

• The  presiding  examiner  will  collect 
your  answer  sheet  and  examination 
booklet  and  send  them  to  Alberta 
Education. 

• Now  turn  this  page  and  read  the 
detailed  instructions  for  answering 
machine- scored  and  written-response 
questions. 


Multiple  Choice 


• Decide  which  of  the  choices  best 
completes  the  statement  or  answers 
the  question. 

• Locate  that  question  number  on  the 
separate  answer  sheet  provided  and 
fill  in  the  circle  that  corresponds  to 
your  choice. 

Example 

This  examination  is  for  the  subject  of 

A.  science 

B.  physics 

C.  biology 

D.  chemistry 

Answer  Sheet 


Numerical  Response 


Examples 


Calculation  Question  and  Solution 

If  a 121  N force  is  applied  to  a 77.7  kg 
mass  at  rest  on  a frictionless  surface, 
the  acceleration  of  the  mass  will  be 
m/s^. 

(Record  your  three-digit  answer  in  the 
numerical-response  section  on  the  answer 
sheet.) 


_ 121  N 
~ 77.7  kg 


= 1.5572716 


Record  1.56  on  the 
answer  sheet 
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• Record  your  answer  on  the  answer 
sheet  provided  by  writing  it  in  the 
boxes  and  then  filling  in  the 
corresponding  circles. 

• If  an  answer  is  a value  between  0 and  1 
(e.g.,  0.25),  then  be  sure  to  record  the  0 
before  the  decimal  place. 

• Enter  the  first  digit  of  your  answer 
in  the  left-hand  box  and  leave  any 
unused  boxes  blank. 


Calculation  Question  and  Solution 

A microwave  of  wavelength  16  cm  has  a 
frequency,  expressed  in  scientific  notation, 

of  bx\{f  Hz.  The  value  of  b is 

(Record  your  two-digit  answer  in  the 
numerical-response  section  on  the  answer 
sheet.) 


3.00  X 10^  m/s 
0.16  m 


= 1.875  X 10^ 


Record  1.9  on  the 
answer  sheet 
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Written  Response 


Correct-Order  Question  and  Solution 

When  the  following  subjects  are  arranged  in 

alphabetical  order,  the  order  is  , , 

, and  . 

1 physics 

2 biology 

3 science 

4 chemistry 

(Record  your  four-digit  answer  in  the 
numerical-response  section  on  the  answer 
sheet.) 

Answer:  2413 


Record  2413  on  the 
answer  sheet ► 
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Scientific  Notation  Question  and 
Solution 


The  charge  on  an  electron  is  -a.b  x 10“^'^  C. 

The  values  of  a,  b,c,  and  d are  , , 

, and  . 

(Record  your  four-digit  answer  in  the 
numerical-response  section  on  the  answer 
sheet.) 

Answer:  ^ = -1.6  x 10"^^  C 


Record  1619  on  the 
answer  sheet 
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Write  your  answers  in  the  examination 
booklet  as  neatly  as  possible. 

For  full  marks,  your  answers  must 
address  all  aspects  of  the  question. 

Descriptions  and/or  explanations  of 
concepts  must  be  correct  and  include 
pertinent  ideas,  diagrams,  calculations, 
and  formulas. 

Your  answers  must  be  presented  in  a 
well-organized  manner  using  complete 
sentences,  correct  units,  and  significant 
digits  where  appropriate. 

Relevant  scientific,  technological,  and/or 
societal  concepts  and  examples  must  be 
identified  and  made  explicit. 


Ill 
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Digitized  by  the  Internet  Archive 
in  2016 
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1.  In  an  automobile  collision,  the  severity  of  injury  to  the  driver  can  be  reduced  by 
an  airbag.  In  a car  initially  travelling  at  100  kin/h,  the  airbag  stops  a 62  kg  driver 
in  90  ms.  The  magnitude  of  average  force  exerted  by  the  airbag  on  the  driver  is 


A.  6.9  X lO'*  N 

B.  1.9x10'‘N 

C.  9.6  X 10^  N 

D.  6.1xlO^N 


Numerical  Response 


El  A 2 100  kg  van  collides  with  a 1 200  kg  car  that  is  at  rest.  They  lock  together 
and  move  together  at  a speed  of  4.50  m/s.  The  initial  speed  of  the  van  is 
m/s. 

(Record  your  three-digit  answer  in  the  numerical-response  section  on  the  answer  sheet.) 


2.  On  a playground  swing,  a child  reaches  the  same  height  with  each  consecutive 
cycle.  Which  of  the  following  graphs  represents  the  sum  of  the  potential  and  the 
kinetic  energy  as  a function  of  time? 

A.  B. 


C. 


D. 


E 


E 


t 
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Use  the  following  information  to  answer  the  next  two  questions. 


A batter  hits  a fly  ball.  The  0. 130  kg  baseball  moves  at  a rate  of  20.0  m/s  at 
the  point  where  it  is  5.00  m above  the  ground. 


3.  How  much  mechanical  energy  does  the  baseball  have  with  respect  to  the  ground? 


A. 

32.4 

B. 

26.0 

C. 

7.68 

D. 

6.38 

Use  your  recorded  answer  from  Multiple  Choice  3 to  answer  Multiple  Choice  4.  * 

4.  What  is  the  magnitude  of  the  momentum  of  the  baseball  the  instant  before  it 
reaches  the  ground? 


A.  1.29kg*m/s 

B.  1.41  kg»m/s 

C.  2.60  kg*m/s 

D.  2.90  kg*m/s 

*You  can  receive  marks  for  this  question  even  if  the  previous  question  was  answered  incorrectly. 


5.  The  SI  units  for  impulse  may  be  written  as 
kg»m^ 

g kg*m 

s 

kg«m^ 

' s 

n 

U.  ^2 
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Use  the  following  information  to  answer  the  next  two  questions. 


The  Channel  Tunnel  (or  “Chunnel”)  is  an  underwater  train  tunnel  built  to 
carry  high-speed  trains  under  the  English  Channel  between  Britain  and  France. 
The  2.40  x 10^  kg  train  travels  at  a constant  speed  of  145  km/h  (40.3  m/s) 
from  the  entrance  to  the  exit  of  the  Chunnel. 


The  Chunnel 


A 


6.  The  kinetic  energy  of  the  train  travelling  in  the  Chunnel  at  point  A is 


A.  4.83  X 10^  J 

B.  1.95xl0‘’j 

C.  3.89  X lO'^  J 

D.  2.52xl0‘°J 


Use  your  recorded  answer  from  Multiple  Choice  6 to  answer  Numerical  Response  2.* 


Numerical  Response 


The  potential  energy  of  the  train  is  zero  at  point  A.  The  total  mechanical  energy  of 
the  train  as  it  enters  the  tunnel,  expressed  in  scientific  notation,  is  bxlO^  ].  The 
value  of  ^ is 


(Record  your  three-digit  answer  in  the  numerical-response  section  on  the  answer  sheet.) 

*You  can  receive  marks  for  this  question  even  if  the  previous  question  was  answered  incorrectly. 
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Use  the  following  information  to  answer  the  next  three  questions. 


Pool  Table 


An  illustration  depicting  an  overhead  view  of  a pool  table  is  shown  below. 


The  pool  table  has  rubber  cushions  around  the  playing  surface  so  that  when 
a ball  hits  the  side  it  will  be  deflected  back  to  the  playing  surface.  A 
simplified  analysis  of  the  physics  of  playing  pool  assumes  that  Hooke’s  Law 
is  valid: 

F = - kx  and  = \kx^ 


7.  A pool  cue  with  a speed  of  2.30  m/s  strikes  a stationary  white  ball.  The  pool  cue  is 
53.0%  efficient  at  transferring  kinetic  energy  from  itself  to  the  white  ball.  The 
speed  of  the  white  ball  immediately  after  being  struck  is 


A. 

2.07  m/s 

B. 

3.13  m/s 

C. 

4.30  m/s 

D. 

5.91  m/s 

Use  your  recorded  answer  from  Multiple  Choice  7 to  answer  Numerical  Response  3.  * 


Numerical  Response 


^3  Assume  that  the  white  ball  then  collides  with  the  black  ball,  which  was  initially 
at  rest.  The  white  ball  continues  in  its  original  direction.  The  speed  of  the  white 
ball  after  the  collision  is  0.147  m/s.  The  speed  of  the  black  ball  immediately  after 
the  collision  is m/s. 

(Record  your  three-digit  answer  in  the  numerical-response  section  on  the  answer  sheet.) 

*You  can  receive  marks  for  this  question  even  if  the  previous  question  was  answered  incorrectly. 
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Use  the  following  additional  information  to  answer  the  next  question. 


On  another  shot,  the  black  ball  hits  the  rubber  cushion  at  a speed  of 
3.0  m/s.  The  black  ball  depresses  the  cushion  0.62  cm  while  coming  to  a 
momentary  stop. 


8.  The  spring  constant,  k,  of  the  rubber  cushion  is 

A.  l.lxlO^N/m 

B.  7.3xlO^N/m 

C.  1.8xlO‘‘N/m 

D.  3.6  X 10“  N/m 


Use  the  following  information  to  answer  the  next  question. 


9.  Which  of  the  following  statements  best  describes  the  inelastic  collision 
shown  above? 

A.  Momentum  is  not  conserved,  and  kinetic  energy  is  not  conserved. 

B.  Momentum  is  conserved,  but  kinetic  energy  is  not  conserved. 

C.  Momentum  is  not  conserved,  but  kinetic  energy  is  conserved. 

D.  Momentum  is  conserved,  and  kinetic  energy  is  conserved. 
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Use  the  following  information  to  answer  the  next  two  questions. 


A glass  ornament  of  mass  575  g sitting  on  a table  is  subjected  to  a resonant 
frequency  of  440  Hz.  The  ornament  breaks  into  three  pieces  that  travel 
horizontally  across  the  frictionless  tabletop.  Fragment  A has  a mass  of  168  g 
and  fragment  B has  a mass  of  212  g. 

'«B  = 212g 

Vg  = 9.00  m/s 

= 1.91  kg»m/s  ' 

120°\ 

t m , = 168  pr 

/ 

= 15.0  m/s 
= 2.52  kg* m/s 

10.  The  magnitude  of  the  momentum  of  the  third  piece  of  glass,  fragment  C,  is 


A.  5.19kg»m/s 

B.  3.85  kg»m/s 

C.  2.28  kg-m/s 

D.  0.610  kg»m/s 


Use  your  recorded  answer  from  Multiple  Choice  10  to  answer  Numerical  Response  4.* 


Numerical  Response 


Efl  The  speed  of  the  third  fragment  of  glass,  expressed  in  scientific  notation, 
is  ^ X 10^  m/s.  The  value  of  b is . 

(Record  your  three-digit  answer  in  the  numerical-response  section  on  the  answer  sheet.) 

*You  can  receive  marks  for  this  question  even  if  the  previous  question  was  answered  incorrectly. 
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Use  the  following  information  to  answer  the  next  two  questions. 


Electrostatic  Spray  Nozzles 

Crop-dusting  planes  release  pesticide  through  electrostatic  spray  nozzles  in 
order  to  minimize  pesticide  waste.  The  centre  of  each  nozzle  contains  a 
needle  with  a positive  charge.  The  presence  of  the  charged  needle  causes  the 
droplets  passing  through  the  opening  to  become  charged. 

When  the  charged  droplets  fall  onto  the  leaves  of  the  crop,  they  are  less  likely 
to  be  carried  away  by  the  wind. 


Spray  droplets 


Needle 


11.  The  droplets  leave  the  nozzle  with  a 

A.  negative  charge  caused  by  the  movement  of  protons  onto  the  needle 

B.  positive  charge  caused  by  the  movement  of  electrons  onto  the  needle 

C.  positive  charge  caused  by  the  movement  of  protons  onto  the  droplets 

D.  negative  charge  caused  by  the  movement  of  electrons  onto  the  droplets 


12.  The  charged  droplets  are  kept  from  being  blown  off  of  the  leaves  by  the  wind 
because  the  charged  droplets 

A.  gain  electrons  from  the  air  and  transfer  them  to  the  leaves 

B.  fall  faster  through  the  air  because  they  have  similar  charges 

C.  induce  an  opposite  charge  on  the  leaves  so  they  are  attracted  to  them 

D.  repel  each  other  and  spread  out,  thus  the  effect  of  the  wind  is  minimized 
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Use  the  following  information  to  answer  the  next  two  questions. 


Electrostatics 

Two  particles,  I and  II,  of  equal  mass  have  opposite  charges.  The  negative 
charge  on  particle  I is  three  times  greater  than  is  the  positive  charge  on 
particle  II.  The  particles  are  placed  9.0  cm  apart. 

I II 

O O 

9.0  cm ^1 


13.  The  electric  field  at  a point  halfway  between  the  particles  is 

A.  zero 

B.  toward  the  left  of  the  page 

C.  toward  the  top  of  the  page 

D.  toward  the  right  of  the  page 


14.  The  electric  force  between  the  particles  is  F newtons  when  they  are  9.0  cm  apart. 
They  are  moved  toward  each  other  until  they  are  6.0  cm  apart.  The  force  between 


them  becomes 

A. 

2F 

3 

B. 

3F 

2 

C. 

4F 

9 

D. 

9F 

4 
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Use  the  following  information  to  answer  the  next  two  questions. 


A set  of  Christmas  tree  lights  consists  of  20  identical  bulbs  that  are  connected 
in  series  to  a 120  V power  supply. 


Numerical  Response 


The  voltage  across  each  bulb  is V. 

(Record  your  three-digit  answer  in  the  numerical-response  section  on  the  answer  sheet.) 


Use  your  recorded  answer  from  Numerical  Response  5 to  answer  Numerical  Response  6.^ 


Numerical  Response 


Qj  If  the  total  current  in  the  circuit  is  0.500  A,  the  power  used  by  one  bulb  is 
W. 

(Record  your  three-digit  answer  in  the  numerical-response  section  on  the  answer  sheet.) 

*You  can  receive  marks  for  this  question  even  if  the  previous  question  was  answered  incorrectly. 
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Use  the  following  information  to  answer  the  next  three  questions. 


Automotive  Wiring 

In  an  automobile,  a transformer  is  used  to  produce  the  high  voltage  that  causes 
sparks  in  the  spark  plugs.  A simplified  automobile  electrical  system  is  shown 
below. 


The  12  V direct  current  battery  is  connected  to  a switch  called  “breaker 
points”  that  turns  the  current  in  the  primary  coil  on  and  off.  The  required 
voltage  of  20  000  V is  induced  in  the  secondary  coil.  The  secondary  coil  is 
connected  to  the  distributor,  which  distributes  the  electrical  voltage 
to  each  of  the  spark  plugs.  This  voltage  is  high  enough  to  cause  a spark  to 
jump  across  the  2.0  mm  gap  of  a spark  plug.  This  spark  ignites  the 
gasoline-air  mixture  in  the  automobile’s  cylinder. 
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15. 


If  this  device  acts  like  an  ideal  AC  transformer,  then  the  ratio  of  the  number  of  turns 
in  the  primary  coil  to  the  number  of  turns  in  the  secondary  coil  is 


A. 

1.7  X 10^ 

B. 

6.0  X lO”" 

C. 

1.7  X 10^  : 

D. 

6.0  X 10^  : 

16.  The  strength  of  the  electrical  field  induced  in  the  gap  of  the  spark  plug  is 

A.  6.0  N/C 

B.  6.0  X 10^  N/C 

C.  1.0x10'' N/C 

D.  l.OxlO'^N/C 


Use  your  recorded  answer  from  Multiple  Choice  16  to  answer  Numerical  Response  7.* 


Numerical  Response 


El  The  acceleration  of  the  electrons  across  the  gap  of  the  spark  plug,  expressed 
in  scientific  notation,  is  a.b  x 10^^  m/s^.  The  values  of  a,  b,  c,  and  d are 
, , , and  . 

(Record  your  four-digit  answer  in  the  numerical-response  section  on  the  answer  sheet.) 

*You  can  receive  marks  for  this  question  even  if  the  previous  question  was  answered  incorrectly. 
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Use  the  following  information  to  answer  the  next  question. 


Current  Induction 

A 27.0  cm  conducting  rod  is  moved  through  a perpendicular  external  magnetic 
field  of  magnitude  0.845  T at  a constant  speed  of  1.35  m/s.  The  rod  is 
attached  to  a circuit  with  a resistance  of  2.95  Q. 


X X X X X X 
X X X X X X 
X X X X X X 
X - Magnetic  x x x x x x 

field  X X X x X X 

direction  x x x x x x 

X X X X X X 
X X X X X X 


Xp3^  X X X X X X 
X X X X X X X 
X X X X X X X 

X 

X X X X X X X 
X X X X X X X 
.X  X X X X X X 


Xro  X X 

x'(5  X X 


R = 2.95  Q 


17.  The  current  induced  by  the  rod’s  movement  is 


A. 

0.104  A 

B. 

0.308  A 

C. 

10.4  A 

D. 

30.8  A 
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Use  the  following  information  to  answer  the  next  question. 


Magnetic  Fields  Around  Two  Bar  Magnets 


18.  Given  the  magnetic  fields  illustrated  above,  the  magnets  will  repel  in  diagrams 

A.  I and  II  only 

B.  II  and  III  only 

C.  I and  IV  only 

D.  II  and  IV  only 


13 


Use  the  following  information  to  answer  the  next  question. 


Two  identical  magnets  and  a point  P are  located  as  shown  below.  The  point  P is 
equidistant  between  the  two  magnets. 


P 


19.  The  two  bar  magnets  cause  the  net  magnetic  field  at  P to  be  in  the  direction 


A. 

east 

B. 

west 

C. 

north 

D. 

south 
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Use  the  following  information  to  answer  the  next  two  questions. 


Earth’s  Magnetic  Field 

The  solar  wind  consists  of  particles  emitted  by  the  Sun.  Some  of  these 
particles  are  charged;  therefore,  when  they  enter  Earth’s  magnetic  field,  they 
experience  a magnetic  force.  A stream  of  charged  particles  travelling  with 
a speed  of  8.00  x 10^  m/s  encounters  Earth’s  magnetic  field,  as  shown  below, 
at  an  altitude  where  the  field  has  a magnitude  of  1. 10  x 10“^  T. 


Path  of 

solar  wind  at  ~ZZ  -- 
a particular  --Z  ~-Z  -- 
instant  in  time 


20.  The  protons  in  the  solar  wind  experience  a magnetic  force 


A.  into  the  plane  of  the  page 

B.  out  of  the  plane  of  the  page 

C.  in  the  direction  the  solar  wind  is  travelling 

D.  opposite  to  the  direction  the  solar  wind  is  travelling 


Numerical  Response 


Assume  that  the  velocity  of  the  solar  wind  particles  is  perpendicular  to  the  magnetic 
field.  The  radius  of  the  circular  path  that  protons  in  a solar  wind  follow,  expressed 

in  scientific  notation,  is  a.bc  x 10^  m.  The  values  of  a,  b,  c,  and  d are  , 

, and  . 


(Record  your  four-digit  answer  in  the  numerical-response  section  on  the  answer  sheet.) 
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21.  The  Advanced  Composition  Explorer  (ACE)  telescope  began  operation  in 

August  1997.  It  detects  electromagnetic  radiation  in  the  range  of  1.0  x 10^  eV 
to  5.0  X 10^  MeV.  The  wavelength  range  measured  by  this  telescope  is 

A.  2.0x1 0“^''  m to  4.0  X 1 0-^"*  m 

B.  8.0x  10“"  mto  1.6x  10“'^m 

C.  1.2x  10-*mto2.5x  10^'^m 

D.  1.2x  10^^mto2.4x  10'®m 


22.  Gamma  radiation  can  be  produced  by 

A.  radioactive  decay 

B.  incandescent  solids 

C.  moving  charges  in  a conductor 

D.  the  acceleration  of  electrons  in  a television  picture  tube 


Numerical  Response 


BSfl  An  electromagnetic  wave  is  sent  from  Earth  to  the  Moon  and  reflected  back 
to  Earth.  If  the  total  time  taken  is  2.48  s,  then  the  distance  from  Earth  to 
the  Moon,  expressed  in  scientific  notation,  is  b x 10^  m.  The  value  of  b 
is . 

(Record  your  three-digit  answer  in  the  numerical-response  section  on  the  answer  sheet.) 


Numerical  Response 


QS  During  the  Second  World  War,  to  help  aircraft  avoid  radar  detection,  metal-foil 
strips  cut  to  one-half  of  the  radar’s  wavelength  were  dropped  from  the  aircraft. 
These  strips  reduced  the  effectiveness  of  the  radar.  The  30.2  cm  metal-foil 
strips  were  designed  for  a radar  frequency,  expressed  in  scientific  notation,  of 
bx\0^  Hz.  The  value  of  b is . 

(Record  your  three-digit  answer  in  the  numerical-response  section  on  the  answer  sheet.) 
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Use  the  following  information  to  answer  the  next  question. 


23.  The  compass  that  correctly  indicates  the  direction  of  the  magnetic  field  produced 
by  a wire  conducting  electrons  is  numbered 

A.  1 

B.  2 

C.  3 

D.  4 


24.  Which  of  the  following  types  of  radiation  has  the  longest  period? 

A.  Radio  waves 

B.  Infrared  light 

C.  Ultraviolet  light 

D.  Gamma  radiation 
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Use  the  following  information  to  answer  the  next  three  questions. 


A scientist  places  a 10  g sample  of  which  has  a half-life  of  3.66  d, 

into  a shielded  box  that  allows  a stream  of  high  energy  particles  to  escape. 
The  scientist  then  applies  a potential  difference  of  5.3  x 10^  V across 
horizontal  plates  that  are  3.0  x 10“^  m apart  and  a perpendicular  magnetic 
field  of  0.70  T.  She  observes  that  the  particle  beam  passes  through  the 
apparatus  undeflected.  When  the  electric  field  is  eliminated,  the  magnetic 
field  causes  the  particles  to  orbit  in  a circle  with  a radius  of  7.5  x 10“^  m. 
Note:  The  entire  apparatus  is  in  a vacuum. 


99<d 

25.  The  mass  of  Ra  remaining  after  22  days  is 

A.  0.16  g 

B.  0.31  g 

C.  2.7  g 

D.  3.7  g 
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Numerical  Response 


^3  The  particles  in  the  undeflected  beam  are  moving  at  a speed  of  a.b  x 10^  m/s. 
The  values  of  a,  b,  and  c,  are,  respectively,  , , and  . 

(Record  your  three-digit  answer  in  the  numerical-response  section  on  the  answer  sheet.) 


26.  Using  the  charge-to-mass  ratio  of  the  particles,  the  scientist  determines  the 


particles  to  be 

A. 

protons 

B. 

neutrons 

C. 

electrons 

D. 

alpha  particles 

27.  A light  source  with  a wavelength  of  548  nm  shines  on  a photocell  with  a 1.60  eV 
work  function.  In  order  to  have  an  output  voltage  of  12.0  V DC,  the  number  of 
photocells  that  must  be  linked  in  series  is 


A.  5 photocells 

B.  8 photocells 

C.  10  photocells 

D.  18  photocells 
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Use  the  following  information  to  answer  the  next  question. 


Photoelectric  Effect 

Photoelectrons  are  emitted  when  blue  light  of  frequency  6.40  x IO'^'Hz 
shines  on  a metal  surface,  as  shown  below.  The  stopping  voltage  is  measured 
to  be  1.25  V. 


28.  What  is  the  maximum  kinetic  energy  of  the  emitted  photoelectrons? 


A.  4.91  X 10"''^  J 

B.  2.91  X 10“*^  J 

C.  2.00  X 10-*'^  J 

D.  1.28xl0-'^J 
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Numerical  Response 


EEI  An  X-ray  tube  operates  with  a potential  difference  of  4.5  x 10^  V.  The  minimum 
wavelength  of  X-rays  being  produced,  expressed  in  scientific  notation, 
is  a.b  X 10“^^  m.  The  values  of  «,  b,  c,  andd  are  , , , and  

(Record  your  four-digit  answer  in  the  numerical-response  section  on  the  answer  sheet.) 


Use  the  following  information  to  answer  the  next  question. 


Radioactive  Decay  Curve  for  Cesium- 137 


I ^ 

S o 


Time  (years) 


29.  Based  on  the  graph  above,  the  approximate  half-life  of  ^55Cs  is 


A. 

130  years 

B. 

60  years 

C. 

30  years 

D. 

2 years 
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Use  the  following  information  to  answer  the  next  four  questions. 


Photon-Matter  Interactions 


When  a photon  passes  through  matter,  it  interacts  with  the  atoms  and  their 
electrons.  There  are  four  important  interactions  with  matter  that  a photon 
can  undergo. 

I.  The  photon  may  be  scattered  by  an  electron  and  in  the  process  lose  some 
energy,  transferring  momentum  and  energy  to  the  electron. 

II.  The  photon  may  move  an  electron  out  of  an  atom,  and  in  the  process,  the 
photon  disappears  (the  photoelectric  effect). 

III.  The  photon  may  move  an  electron  to  a higher  energy  state  in  the  atom, 
and  in  the  process,  the  photon  disappears. 

IV.  A photon  may  actually  create  matter.  The  most  common  process, 
called  pair  production,  is  the  production  of  an  electron  and  a positron. 

A positron  has  the  same  mass  as  an  electron,  but  it  has  the  opposite 
charge.  In  addition,  a massive  particle,  such  as  an  atomic  nucleus,  must 
gain  some  of  the  photon’s  initial  momentum.  (See  the  diagram  below.) 


30.  The  name  given  to  interaction  I is 

A.  Lenz’sLaw 

B.  X-ray  production 

C.  the  Compton  effect 

D.  the  de  Broglie  hypothesis 


(Positron) 


Atomic  nucleus 


e (Electron) 
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31.  The  curved  paths  of  the  particles  in  the  pair  production  diagram  result  from  the 
electron  and  positron  moving  through  an  external  magnetic  field.  In  this  diagram, 
the  direction  of  the  magnetic  field  causing  these  paths  to  curve  is 

A.  into  the  page 

B.  out  of  the  page 

C.  to  the  left 

D.  to  the  right 


32.  The  reason  that  pair  production  occurs,  rather  than  the  production  of  a single 
electron,  is  that  the  production  of  a single  electron  would  violate  the  Law  of 
Conservation  of 


A.  Mass 

B.  Charge 

C.  Energy 

D.  Momentum 


33.  During  pair  production,  the  speed  of  the  electron  or  of  the  positron  can  be 
calculated  by  measuring  the  radius  of  the  circular  path  it  travels  within  the 
magnetic  field.  The  speed  of  a charged  particle  moving  in  a circular  path  in  a 
uniform  magnetic  field  is  given  by 


A. 

B^qr 

V = 

m 

B. 

V = B^qrm 

C. 

m 

“ B^qr 

D. 

< 

II 
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Use  the  following  information  to  answer  the  next  question. 


A Transmutation  Reaction 

+ alpha  particle  — > unstable  nucleus  ^ proton  + 


34.  In  the  transmutation  reaction  above,  an  alpha  particle  is  absorbed  by  a nitrogen 
nucleus.  An  unstable  nucleus  that  decays  by  producing  a proton  and  an 
unidentified  nucleus  ^ X is  produced.  The  values  of  A and  Z are,  respectively, 

A.  16  and  9 

B.  15  and  8 

C.  11  and  6 

D.  8 and  15 


Use  the  following  information  to  answer  the  next  question. 


A student  obtains  samples  of  pure  quantities  of  two  radioactive  isotopes:  X 
and  Y.  The  samples  contain  equal  numbers  of  atoms.  The  half-life  of  each 

isotope  is  given  below. 

Half-life  of  radioactive  isotope  X: 

120  days 

Half-life  of  radioactive  isotope  Y : 

15.2  days 

Both  isotopes  undergo  beta  decay. 

35.  Which  of  the  following  situations  would  result  in  a person  experiencing  the  most 
exposure  to  radioactivity? 

A.  Being  exposed  to  isotope  X at  a distance  of  two  metres  for  two  hours 

B.  Being  exposed  to  isotope  X at  a distance  of  one  metre  for  two  hours 

C.  Being  exposed  to  isotope  Y at  a distance  of  two  metres  for  two  hours 

D.  Being  exposed  to  isotope  Y at  a distance  of  one  metre  for  two  hours 
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Use  the  following  information  to  answer  the  next  question. 


Selected  Energy  Levels  of  a Mercury  Atom 

Level 

Energies  (eV) 

oo 

0 

z 

-1.6 

Y 

-3.7 

X 

-5.5 

W 

-10.4 

36.  What  frequency  of  electromagnetic  radiation  is  required  to  excite  mercury  atoms 


from 

energy  level  W 

A. 

2.1 

X 

10>5 

Hz 

B. 

2.5 

X 

10'5 

Hz 

C. 

2.9 

X 

10'® 

Hz 

D. 

3.1 

X 

10'® 

Hz 

37.  The  energy  of  an  excited  hydrogen  atom  when  its  electron  is  in  the  seventh 


Bohr 

energy  level  is 

A. 

-667  eV 

B. 

-95.2  eV 

C. 

-1.94  eV 

D. 

-0.278  eV 

Written-response  question  1 begins  on  the  next  page. 
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Use  the  following  information  to  answer  the  next  question. 


Burglar  Alarm 

Shown  below  is  a simplified  circuit  of  a burglar  alarm. 


UV 

light 

source 


Burglar  alarm  not  activated 


Beam  of  UV  light 


Photoelectric  cell 


Burglar  alarm  activated 


UV 

light 

source 


Photoelectric  cell 


A beam  of  ultraviolet  light  is  directed  toward  a photoelectric  cell,  as  shown 
above.  As  long  as  this  beam  is  not  interrupted,  light  will  be  incident  on  the 
sodium  cathode,  and  there  will  be  a current  in  the  electromagnet.  The 
electromagnet  is  of  sufficient  strength  to  hold  the  iron  switch.  As  a result,  the 
alarm  will  not  be  activated. 


An  intruder  walking  between  the  UV  light  source  and  the  phototube  will  cause 
the  alarm  to  sound. 
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Written  Response  — 15% 


I 1. 1 Using  the  concepts  of  the  photoelectric  effect,  electromagnetism,  and  electrical 
circuits,  analyze  the  operation  of  this  burglar  alarm 

• when  the  beam  of  UV  light  is  incident  on  the  sodium  cathode 

• while  the  intruder  interrupts  the  beam  of  UV  light 

Note:  Marks  will  be  awarded  for  the  physics  principles  used  in  your  response  and  for  the 
effective  communication  of  your  response. 


27 


28 


Written-response  question  2 begins  on  the  next  page. 
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Use  the  following  information  to  answer  the  next  question. 


A student  performed  an  experiment  that  verified  Coloumb’s  Law  of 
Electrostatics  by  measuring  the  repulsion  between  two  charged  spheres,  A and 
B,  as  a function  of  the  separation  of  the  spheres.  The  spheres  were  identical  in 
size  and  mass.  The  measurements  are  shown  in  the  table  of  values  and  plotted 
on  the  graph  below. 


Separation  (m) 

Force  (N) 

0.10 

0.790 

0.13 

0.480 

0.20 

0.200 

0.40 

0.050 

0.60 

0.022 

Force  of  Repulsion  as  a Function  of  the  Separation 


Separation  (m) 
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Written  Response  — 15% 


I 2. 1 • Show  that  the  results  verify  Coulomb’s  Law  by  manipulating  the  data  and 

providing  a new  table  of  values  that,  when  plotted,  will  produce  a straight-line 
graph. 

• Plot  the  new  data  with  the  responding  variable  on  the  vertical  axis. 

• Calculate  the  slope  of  your  graph. 

• Using  the  slope  value,  or  another  suitable  averaging  techniques,  determine 
the  charge  on  sphere  B if  the  charge  on  sphere  A is  3.08  x 10~^  C. 

• Determine  the  magnitude  of  the  force  between  spheres  A and  B when  they 

are  at  a distance  of  2.00  m apart.  Use  the  hypothetical  value  of  3.00  x 10“^  C for 
the  charge  on  sphere  B if  you  were  unable  to  determine  the  actual  value. 

Clearly  communicate  your  understanding  of  the  physics  principles  that  you 
are  using  to  solve  this  question.  You  may  communicate  this  understanding 
mathematically,  graphically,  and/or  with  written  statements. 


(Title) 


You  may  continue  your  explanation  on  page  32. 
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You  have  now  completed  the  examination. 

If  you  have  timey  you  may  wish  to  check  your  answers. 
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